We present the first multiband photometry for the semidetached eclipsing binary AO Serpentis, observed on seven nights between 2009 April and July at the Weihai Observatory of Shandong University. By using the 2003 version of the Wilson-Devinney code, the photometric solutions of AO Ser and a similar object V338 Her were (re)deduced. The spectral types and orbital periods are A2 and P = 0.8793 days for AO Ser, F1V and P = 1.3057 days for V338 Her. The results reveal that two binaries are low mass ratio systems, whose secondary components fill their Roche lobes. The fill-out factors of the primary components are f = 58.6% for AO Ser and f = 54.2% for V338 Her, respectively. From the O − C curves of AO Ser and V338 Her, it is discovered that secular period changes with cyclic variations exist. The periods and semiamplitudes are 17.32(±0.01) yr and 0.0051(±0.0001) days for AO Ser, 29.07(±0.04) yr and 0.0116(±0.0015) days for V338 Her, respectively. This kind of cyclic oscillation may be attributed to either the light-time effect via an assumed third body or perhaps cyclic magnetic activity on the secondary component. For AO Ser, the long-term period decreases at a rate of dP /dt = −5.35(±0.03) × 10 −7 days yr −1 , which may be caused by mass and angular momentum loss from the system. Considering the period decreasing, the fill-out factor of the primary for AO Ser will increase and it will finally fill its Roche lobe. Meanwhile, the secular period increase rate for V338 Her is dP /dt = +1.44(±0.24) × 10 −7 days yr −1 , indicating that mass transfers from the less massive component to the more massive component. This will also cause the fill-out factor of the primary to increase. When the primaries fill their Roche lobes, AO Ser and V338 Her may evolve into contact stars, as predicted by the theory of thermal relaxation oscillations.
INTRODUCTION
The Algol-type binary is a classical semidetached star whose less massive component fills its Roche lobe and transfers mass to the more massive component, accompanied with mass and angular momentum loss. Some special phenomena, such as the circumbinary accretion disk, the third body, the eclipsed X-ray flares, and oscillating light variations, make Algols an actively studied field (Rucinski et al. 2008 ). The period variations may be one of the main parameters for understanding the dynamics of binaries and possibly their stellar structure and evolution. Therefore, a series of observations and study of Algol-type binaries, especially some neglected systems, was launched by our group in 2007, aiming to study period variations and evolutionary status of Algols with several small telescopes in China. In a previous paper (Yang & Wei 2009 ; Paper I), RV Tri was studied in detail and 22 Algols with period decreases were statistically investigated. AO Ser and V338 Her were included in our observing program, because no analyses of their period changes and no light curves of AO Ser have been published until now.
AO Serpentis (BD+17 • 2943; α J 2000.0 = 15 h 58 m 18. s 408, δ J 2000.0 = +17
• 16 09. 958), as an Algol-type eclipsing binary, was discovered by Hoffmeister (1935) . The spectral type is A2 (Brancewicz & Dworak 1980) and the color index is B − V = −0.1 (Kreiner et al. 2001) . Soloviev (1935) determined a period of 0.8797 days. Guthnick & Prager (1936) reported light variability of 10. m 5 to 12. m 0 from photographic observations. Van Schewick (1941) published some visual light minimum times. Then, Koch & Koch (1962) revised AO Ser's orbital period to 0.87934745 days. Wood & Forbes (1963) derived a cubic ephemeris with a period decrease, based only on 39 photographic or visual light minimum times with much larger errors. However, Ahnert (1974) found that the period was nearly constant. Subsequently, many light minimum times have been published in the Information Bulletin on Variable Stars (IBVS) and Bulletin der Bedeckungsveränderlichen-Beobachter der Schweizerischen Astronomischen Gesellschaft (BBSAG). Recently, Kim et al. (2004) discovered that AO Ser is an oEA binary. 4 For the short-periodic oscillations of AO Ser, the period is less than 0.05 days and the small amplitude of maximum is ΔB ∼ 0. m 02. Up to now, no complete light curves have published; therefore, we decided to study AO Ser photometrically.
Another Algol-type eclipsing binary, V338 Herculis (AN29.1907; α J 2000.0 = 17 h 53 m 12. s 7357, δ J 2000.0 = +43
• 46 23. 158) was found by Hoffmeister (1949) . The visual light amplitude of this star varies from 10. m 07 to 11. m 15. Whitney (1959) determined a period of 1.30572 days, which was subsequently improved to be 1.3057406 days (Kreiner 1971 ), 1.3057515 days (Mallama 1980) , and 1.305758 days (Kreiner 2004) , indicating that the period of V338 Her may show a continuous increase. The first photoelectric observations in BV bands were published by Vetešník (1968) , who derived the spectral types of A9+K0 for both components. Kreiner et al.(2001) gave the spectral type of F0V-F2V with the color index of B − V = +0.21. However, Malkov et al. (2006) revised the spectral type to F1V. Additionally, Walter (1969) Mezzetti et al. (1980) revised the photometric elements of V388 Her with a mass ratio of q ph = 0.16. Although many light minimum times of V388 Her were published in the literature, no orbital period changes have been analyzed.
observed this

CCD PHOTOMETRY FOR AO SERPENTIS
Charge-coupled device (CCD) photometry for the Algoltype eclipsing binary AO Ser was carried out from April to July in 2009, using the 1.0 m Cassegrain telescope at the Weihai Observatory of Shandong University in China. A backilluminated PIXIS CCD camera from the Princeton Instruments company was mounted at the Cassegrain focal plane of this telescope. Low dark current is given by providing cooling up to −55
• by a thermoelectric cooling system, and the readout noise is low and typically 3.5 electrons. The PIXIS camera has 2048 × 2048 square pixels, and the pixel size is 13.5 μm. The scale of the image is 0. 35 per pixel, resulting in a field of view of 11. 8 × 11. 8. This camera is covered with the standard Johnson/Cousins set of BVIR filters, which are controlled by a dual layer filter wheel from American Astronomical Consultants and Equipment Inc. (ACE). The reductions of observations were conducted using the IMRED and APPHOT packages in IRAF.
5 Zero and flat-fielding corrections were applied to the images. No correction for differential extinction was made to the observations, due to the proximity of the comparison star to the variable and the resulting negligible differences in air mass. Then magnitudes were determined by the aperture photometry.
Photometric observations of AO Ser were obtained on 2009 April 4, 6, 7, 9, and 10, June 23, and July 1. The comparison, check stars are BD+17
• 2940 ( Figure 1 , where phases were calculated by the period of 0.8793745 days (Koch 1961) . The amplitudes of variable light are 1. m 22 and 1. m 28 for V and R bands, respectively. Based on the differential comparison star observations, the precisions of the individual differential magnitudes are estimated to be ±0.007 mag for the V band and ±0.006 mag for the R band, respectively. Due to the small amplitude of the pulsation (i.e., ΔB ∼ 0. m 02; Mkrtichian et al. 2004) , the pulsating light variations for AO Ser were neglected. New times of primary and secondary minima were generally determined by means of polynomials fitting observations. Those individual single-color minimum timings together with their errors are listed in Table 2 . 
ORBITAL PERIOD VARIATIONS FOR AO SERPENTIS AND V338 HERCULIS
AO Serpentis
For the eclipsing binary AO Ser, the orbital period has not been studied up to now. We collected three photoelectric light minimum timings and 28 CCD ones, which are listed in Column 1 of Table 3 . In Column 3 of this table, "PE" and "CCD" refer to photometric measurements and charge-coupled device, respectively. By a linear ephemeris (Koch 1961) ,
we can calculate the residuals (O − C) of the eclipse timings, listed in Column 5 of Table 3 . The O − C curve was constructed in the upper panel of Figure 2 . The general O − C trend can be described by a downward parabolic curve superimposed with fluctuations, indicating there exists a continuous period decrease with a cyclic variation. In the calculating process, the Levenberg-Marquardt technique (Press et al. 1992 ) was applied. A nonlinear least-squares fitting yielded the following equation: 
The corresponding residuals of all times of minimum are shown in the lower panel of Figure 2 , and listed in Column 6 of Table 3 . The solid and dotted lines are constructed by Equation (2) and its parabolic part in the upper panel of Figure 2 , where no regularity is apparent. With the coefficient of the quadratic term of the equation, a continuous period decrease rate dP /dt = −5.39(±0.03) × 10 −7 days yr −1 (i.e., −4.66(±0.03) s/ century). The sinusoidal term reveals a cyclic oscillation with an amplitude of A = 0.0051(±0.0001) days. Using the relation P 3 = 2πP /ω with ω = 8.735(±0.004) × 10 −4 , the period of P 3 = 17.32(±0.01) yr for this variation can be determined, where P is the orbital period of AO Ser in years.
V338 Herculis
In order to study the orbital period changes of V338 Her, a total of 132 light minimum times, including seven plate, 104 visual, six photographic, three photoelectric, and 12 CCD measurements, were collected. All those compiled observations in Heliocentric Julian Dates are summarized in Table 4 , whose entirety is available only in the online version of the journal. As shown in Column 3 of Table 4 , the observing methods are identified (i.e., p: plate; vi: visual observations; pg: photographic measurements; PE: photoelectric data; CCD: charge-coupled device). With the linear ephemeris formula given by Kreiner et al. (2001) , Table 4 , were calculated. The corresponding (O − C) curve is displayed in the upper panel of Figure 3 , where the open circles represent plate, visual, or photographic observations and the solid ones represent photoelectric or CCD data. In the calculating process, we assigned a weight of 1 to plate, visual, and photographic data, and a weight of 10 to photoelectric and CCD observations. The (O − C) curve can be described by an upward parabolic curve superimposed with a cyclic variation. A weighted nonlinear least-squares fitting method gave the equation, 
The corresponding residuals are listed in Column 6 of Table 3 , and shown in the lower panel of Figure 3 . The continuous and dotted curves for Equation (4) and its parabolic part are plotted. Using the coefficient of the quadratic term of the equation, a continuous period increase rate, dP /dt = +1.44(±0.24) × 10 −7 days yr −1 (i.e., +1.24(±0.21) s/century), has been derived. The sinusoidal term in Equation (4) reveals a cyclic oscillation with an amplitude of A = 0.0116(±0.0015) days and a period of P 3 = 29.07(±0.04) yr.
MODELING LIGHT CURVES
Photometric solutions of AO Ser and V338 Her were (re)deduced using the 2003 version of the W-D program (Wilson & Devinney 1971; Wilson 1979; Wilson & van Hamme 2003) . During the calculation, we adopted the following fixed parameters: the temperature for Star 1 of T 1 , the linear limb-darkening coefficients of x 1 and x 2 for various bands (van Hamme 1993), the gravity darkening exponents of g 1 = 1.0 and g 2 = 0.32 (Lucy 1967) , and the bolometric albedo coefficients of A 1 = 1 and A 2 = 0.5 (Rucinski 1973) . The commonly adjustable parameters employed are the orbital inclination, i, the mean temperature of Star 2, T 2 , the potential of the primary, Ω 1 , and the monochromatic luminosity of Star 1, L 1 . The reflection effect was computed with the detailed model of Wilson (1990) . The relative brightness of Star 2 was calculated by the stellar atmosphere model (Kurucz 1993) .
AO Serpentis
New CCD VR-band light curves were simultaneously applied to deduce the photometric solution of AO Ser. According to Cox's (2000) tables, the spectral type of A2 corresponds to a temperature of 9000 K, while the color index of B − V = −0.1 yielded a temperature of 9960 K. Then we obtained an average value of 9480(±480) K. Therefore, the mean effective temperature for Star 1 was fixed as T 1 = 9480 K. The corresponding linear limb-darkening coefficients for Star 1 were adopted to be x 1V = 0.452 and x 1R = 0.383. Meanwhile, the limb-darkening coefficients for Star 2 (i.e., x 2V and x 2R ) were determined according to its effective temperature. To search for a photometric mass ratio, solutions are obtained for a series of fixed mass ratios (q = 0.17, 0.18, 0.19, 0.20, 0.21, 0.22, 0.23, 0.24, 0.25, 0.30, 0.35, and 0.40) . For each value of the mass ratio, the calculation started at mode 2 (i.e., detached mode), but the solution always converged to mode 5 (i.e., semidetached mode with Star 2 filling its limiting lobe), which identified that AO Ser is an Algol-type binary. The sum of the squared residuals, Σ(O −C) 2 i , for the corresponding mass ratios is plotted in the left panel of Figure 4 , where a minimum of Σ(O − C) 2 i = 0.2444 is achieved at q = 0.22. At this point, the set of adjustable parameters was expanded to include q and the third light L 3 . After some iterations, the photometric parameters are obtained and listed in Table 5 . The theoretical light curves from the photometric solution are shown in the right panel of Figure 4 as solid lines. The derived mass ratio and orbital inclination of AO Serpentis are q ph = 0.220(±0.002) and i = 87.
• 62(±0.
• 17), respectively. The third lights are ∼0.12%(±0.05%) for the V band and ∼0.13%(±0.05%) for the R band, identified as evidence for a third body.
V338 Herculis
Reanalyzing the photometric solution for V338 Her, a total of 780 observations in the B band and 962 observations in the V band (Vetešník 1968 ) were used. Phases were calculated with a period of 1.370574535 days (Kreiner et al. 2001 ). Based on the spectral type of F1V and the color index B − V = +0.21 for V338 Her, the effective temperatures were deduced to be 7820 K and 7150 K. This leads to an average value of 7485(±335) K, which was assumed to be the mean effective temperature for Star 1, T 1 . The linear limb-darkening coefficients of x 1B = 0.551 and x 1V = 0.469 for Star 1 were adopted. Meanwhile, the limb-darkening coefficients for Star 2 (i.e., x 2B and x 2V ) were determined according to its effective temperature. In order to search for an appropriate mass ratio, a series of trial solutions were obtained for some fixed mass ratios (i.e., 0. 
DISCUSSION
Through modeling light curves of AO Ser and V338 Her, we derived photometric solutions, indicating that those two stars are Algol-type binaries with low mass ratios, i.e., q ph = 0.220(±0.002) for AO Ser and q ph = 0.200(±0.002) for V338 Her, respectively. From the O − C curves, their orbital periods appear to show the long-term period changes with cyclic variations. Due to the lack of published spectroscopic elements, the absolute parameters of AO Ser and V338 Her cannot be determined directly. The mass of the more massive component was estimated from the spectral type. Assuming an uncertainty of less than 1 spectral subclass, an error of mass can be approximately obtained. Therefore, the masses of the more massive components were adopted to be M 1 = 2.54(±0.09) M for AO Ser and M 1 = 1.56(±0.04) M for V338 Her (Cox 2000) . Then we can easily derive other parameters, listed in Table 6 . Moreover, using the following equation (Eggleton 1983) ,
0.6q
the volume radius of the Roche lobe can be estimated to be R L1 for the primary component, where the distance between both components A was calculated by Kepler's third law. Comparing with the mean relative radius of the primary component R 1 /A, the fill-out factor of the primary is f = R 1 /R L1 . Using our photometric solutions, we can easily calculate f = 58.6% for AO Ser and f = 54.2% for V338 Her, respectively.
Causes of Cyclic Variations for AO Ser and V338 Her
For a close binary, possible mechanisms for cyclic variability include magnetic activity cycles in one or both components (Applegate 1992) or the light-time effect due to a third body (Irwin 1952) . For AO Ser and V338 Her, there exist cyclic variations in their orbital period changes from Equations (2) and (4). The periods and amplitudes are 17.32(±0.01) yr and 0.0051(±0.0001) days for AO Ser, and 29.07(±0.04) yr and 0.0116(±0.0015) days for V338 Her, respectively.
The observed cyclic variations for AO Ser and V338 Her can result from the light-time effect via the presence of additional bodies. By considering that the assumed third body moves in a circular orbit, we can calculate the value of a 12 sin i = A × c. Using the equation,
we can calculate the value of the mass function for the third body. Therefore, for some orbital inclination i , the unknown mass M 3 can be derived by the iteration method, using the estimated parameters of AO Ser and V338 Her. Assumed in the co-planar orbits with the binaries (i.e., i = 87.
• 62 for AO Ser and i = 83.
• 45 for V338 Her), the masses and the orbital radii of the third body should be M 3 = 0.30(±0.01) M and a 12 = 9.24(±0.35) AU for AO Ser, or M 3 = 0.37(±0.04) M and a 12 = 10.34(±2.54) AU for V338 Her, respectively. According to Allen's table (Cox 2000) , the spectral types for the third bodies can be estimated to be ∼M4 for AO Ser or ∼ M3 for V338 Her, which may be red dwarfs with extremely low luminosities. For the cyclic variation, another interpretation is the mechanism of Applegate (1992) that the cyclic magnetic activity may result in the observed cyclic variation by the gravitational coupling mechanism. This magnetic modulation has recently been reviewed by Lanza (2006) . Using the fitted parameters of cyclic variations, we can compute the Applegate model parameters (i.e., the variation of the quadruple moment ΔQ, the angular momentum transfer ΔJ , the transfer energy ΔE, the variation of the differential rotation ΔΩ/Ω, the rms luminosity change ΔL, and the mean subsurface magnetic field strength B; Lanza et al. 1998 ). All those parameters of both components of AO Ser and V338 Her are listed in Table 6 . Assuming conservations of the orbital angular momentum, the variation of the quadruple moment is of the order of 10 51 -10 52 (Lanza & Rodonò 1999) , while the mean subsurface magnetic field strength B is of several kilogauss (Applegate 1992) . For AO Ser and V338 Her, the values of ΔQ are a bit smaller, while the mean subsurface magnetic field strengths for the secondary components are typical values. Therefore, the cyclic variations for AO Ser and V338 Her may be attributed to the magnetic activity cycles of the less massive components.
Secular Period Changes and Their Evolutionary States for AO Ser and V338 Her
A long-term period increase or decrease should be the result of a net effect of mass transfer and mass loss, and angular momentum loss, i.e., non-conservative evolution. The equation, relating the derivative of the period to the rate of mass and angular momentum loss given by Tout & Hall (1991) , can be written asṖ
where P andṖ are the orbital period and the rate of period change, M and M 1,2 are the total mass and the masses of the primary and the secondary, andṀ andṀ 2 are the change rates of the total mass and the mass of the secondary. The coefficient of additional angular momentum K by stellar wind is expressed as
where R A and a are the Alfvén radius and the separation between both components. For Algol-type binaries, the less massive component fills its Roche lobe and transfers mass to the more massive component. In Equation (7), the first term and the third term represent mass loss and angular momentum loss, which should be resulted in the orbital period decrease. Meanwhile, the second term of Equation (7), which is always positive for Algol-type binaries, represents the period increase due to mass transfer. For AO Ser, the orbital period continuously decreases at a rate of dP /dt = −5.39(±0.03)×10
−7 days yr −1 , which may be resulted from the mass loss and the angular momentum loss from the system. Such a period decrease may occur in many other Algol-type binaries, which are listed in Table 6 of Paper I (Yang & Wei 2009) . With the orbital period decreasing, the orbit will shrink. Meanwhile, the fill-out factor of the primary will increase from statistical results of Paper I (Yang & Wei 2009 ). When the primary fills its Roche lobe, this kind of binary with period decrease will evolve from the semidetached configuration into contact configuration. Therefore, AO Ser may be the progenitor of the W UMa star (Bradstreet & Guinan 1994) .
For V338 Her, the orbital period secularly increases at a rate of dP /dt = +1.44(±0.24) × 10 −7 days yr −1 . This condition may appear in many Algol-type binaries, such as TT And, V342 Aql, RW Cap, TW Lac (Erdem et al. 2007) . Assuming the conservative mass transfer (i.e.,Ṁ = 0), the combination of Equations (7) and (8) reduces to the simple condition, i.e., the second term of Equation (7). The mass transfer rate iṡ M 2 = −1.43(±0.24) × 10 −8 M yr −1 from the less massive component to the more massive one. With mass transferring, the primary component will expand due to additional energy from the secondary component. This will cause the fill-out factor of the primary component to increase. When the primary fills its Roche lobe, this kind of binary will evolve into a contact binary, as predicted by the theory of thermal relaxation oscillations (Lucy 1976; Flannery 1976; Robertson & Eggleton 1977) .
SUMMARY
In our second paper on selected Algol-type binaries, analyses of the photometric observations for AO Ser and V338 Her are presented. The results are summarized as follows.
1. Using an improved version of the Wilson-Devinney code, the photometric solutions were deduced from our new observations for AO Ser and Vetešník's (1968) data for V338 Her. For AO Ser, the mass ratio and the fill-out factor of the primary are q ph = 0.220(±0.002) and f = 58.6%, respectively. The third lights in VR bands are ∼0.1%. For V338 Her, the mass ratio and the fill-out factor of the primary are q ph = 0.200(±0.002) and f = 54.2%, respectively. The derived mass ratio is larger than the value of 0.16 of Mezzetti et al. (1980) . 2. From the O − C curve for AO Ser, the orbital period shows a long-term period decrease with a cyclic variation. The period and amplitude are 17.32(±0.01) yr and 0.0051(±0.0001) days. The kind of cyclic oscillation may be attributed to the light-time effect via an assumed third body or perhaps the cyclic magnetic cycle of the less massive component, because the third light is too low in the photometric solution. The long-term period decreases at a rate of dP /dt = −5.35(±0.03) × 10 −7 days yr −1 , which may be caused by mass loss and angular momentum loss from the system. With period decreasing, AO Ser may evolve into a contact configuration. 3. For V338 Her, there exists a continuous period increase with a cyclic variation, whose period and amplitude are 29.07(±0.04) yr and 0.0116(±0.0015) days, respectively. The cyclic oscillation may result from the cyclic magnetic activity in the secondary component or the light-time effect due to a third body. The secular period increases at a rate of dP /dt = +1.44(±0.24) × 10 −7 days yr −1 . This indicated that mass transfers from the less massive component to the more massive component. With mass transferring, this kind of binary with a secular period increase may evolve from a semidetached configuration into a contact configuration.
Additionally, it is necessary to obtain photometric and spectroscopical observations for AO Ser and V338 Her to check the nature of orbital period changes and evolutionary status, and to determine their absolute physical parameters.
